This article generalizes and extends the earlier analyses of Cuddington (1993) and Cuddington and Hancock (forthcoming) Recent analyses by Cuddington (1993) and Cuddington and Hancock (forthcoming) have modeled the macroeconomic effects of the AIDS epidemic using a modified Solow (1956) growth model. This single-sector framework implicitly assumes that labor and capital are always efficiently allocated throughout the economy; there are no market failures or policy-induced distortions that lead to resource misallocation. Thus, these articles, in effect, model the impact of AIDS on the economy's potential growth path.
Recent analyses by Cuddington (1993) and Cuddington and Hancock (forthcoming) have modeled the macroeconomic effects of the AIDS epidemic using a modified Solow (1956) growth model. This single-sector framework implicitly assumes that labor and capital are always efficiently allocated throughout the economy; there are no market failures or policy-induced distortions that lead to resource misallocation. Thus, these articles, in effect, model the impact of AIDS on the economy's potential growth path.
Although such models are useful for studying various channels through which AIDs affects the macroeconomy, their underlying assumptions are open to question when studying low-income developing countries in Sub-Saharan Africa. Tanzania, for example, arguably operates well below its full-capacity level, in spite of the rapid growth in employment and wage levels in the informal sector in recent years (Maliyamkono and Bagachwa 1990) . Some have conjectured that the estimated impact of AIDS in Tanzania based on the single-sector, full-employment growth model in Cuddington (1993) is significantly overstated. They argue that workers 404 THE WORLD BANK ECONOMIC REVIEW, VOL. 7, NO. 3 who di;e' fro'm AIDS can easily be replaced by otherwise unemployed or underemployed workers, leaving total output relatively unaffected. In this situation the spread of AIDS may lead to a rise in per capita income. 1 With these concerns in mind, this article generalizes the simple fullemployment model to incorporate underemployment and dual labor markets. Section I shows that the macroeconomic impact of AIDS may, in principle, be larger or smaller than previously estimated once the possibility of unemployment is introduced into the single-sector growth framework. After developing the intuition behind this result, section II describes a somewhat more complicated dual-economy model. This model is then used in section III to reassess the macroeconomic effects of the AIDS epidemic in Tanzania. Like Cuddington (1993) , these simulations use Bulatao's (1990) demographic simulations for AIDS and no-AIDS scenarios to assess the economic impact of the disease in relation to a no-AIDS counterfactual case. Section IV considers the impact of policies designed to speed labor market adjustment in economies where the AIDS epidemic is worsening. Section V concludes.
I. THE IMPACT OF AIDS IN FULL-EMPLOYMENT AND UNEMPLOYMENT MODELS
This section develops some intuition regarding the direction and approximate magnitudes of the bias in results obtained from simple full-employment models (as in Cuddington 1993; Cuddington and Hancock 1992; if the economy in question is, in fact, characterized by considerable underemployment. It argues that it is not whether the economy is at full employment that is critical; rather it is the extent to which the spread of AIDS causes capacity utilization to change. If AIDS reduces unemployment, the total loss in output is overestimated when the analyst makes the simplifying assumption of full employment. Conversely, if AIDS increases unemployment, the loss in output will be underestimated by the simple full-employment framework. In situations where the amount of unemployment or idle capacity is relatively unaffected by AIDS, the estimated output loss based on earlier full-employment models will be approximately correct. These three cases can be seen by comparing the impact of AIDS on GDP in a single-sector, full-employment model and an otherwise identical sticky-wage model with unemployment.
The Full-Employment Case
Recall from Cuddington (1993) that the spread of HIV/AIDS reduces effective labor supply: 2 1. Cuddington (1993) , in contrast, predicts that Tanzania's GDP by 2010 could be 15 to 25 percent smaller because of the AIDS epidemic and that per capita GDP might be 0 to 10 percent lower. The estimates for Malawi in Cuddington and Hancock (1992) are somewhat smaller, because its epidemic seems less severe up to this point.
2. Under the assumption that firms are aware of average age-based productivity differentials and make
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(1)
where Es is effective labor supply and Li is the number of workers of age i. As in Cuddington (1993) , pi, the productivity coefficient for workers of age i, captures specific productivity differentials: pi = 0.8 + 0.02(i-15)-0.0002(i-15) 2 . Note that Es is defined slightly differently here than in Cuddington (1993) . In the latter, E measured physical units of labor adjusted for age-specific and AIDSrelated productivity differentials. Here Es is the physical supply of labor adjusted for the non-AIDs-related, age-specific productivity differentials only. The impact of AIDS on average productivity is captured separately as shown in the production function (equation 2). The assumption-based on data availability-that z and a do not vary across age cohorts enables this simplification. 3 It has the pedagogic advantage that the presence of AIDS does not alter the units in which labor is measured, but instead is reflected in the shifts in effective labor demand and supplies outlined below.
The rise in mortality rates due to AIDS reduces the size of the labor force and tilts its composition toward younger (less-experienced) age cohorts. These factors shift the effective labor supply curve in figure 1 to the left (from Es to Es). 4 On the labor-demand side, AIDS-related illness reduces labor productivity by increasing absences from work and reducing overall strength, stamina, and concentration. The adverse impact of active AIDS cases (not Hiv-positive status, which is typically unknown) is reflected in the aggregate production function
In equation 2, Y is GDP, E is effective labor demand, K is the capital stock, a is the proportion of the work force with active AIDS, and z is the fraction (or multiple) of worker productivity lost because of AIDs-related illness. zt is an exogenous time trend capturing technical progress. : is labor's share of total output and a is a constant chosen to ensure that the equality in equation 2 holds for the initial values of Y, E, and K. Using equation 2 and assuming firms face a fixed real wage schedule in which relative wages correctly reflect age-specific productivity differentials but does not take into account workers' AIDS status, 5 effective labor demand is found to hiring or wage decisions based on this information-but not on the HIV or AIDS status of individual workers-it is legitimate in the analysis below to consider the quantity and sectoral allocation of "effective" rather than actual laborers.
3. As a referee correctly points out, this assumption simplifies the theoretical and simulation analysis considerably. If, for example, these parameters vary across cohorts but the sticky-wage structure reflects only non-AIDs-related productivity differences, then firms would first hire workers in the cohorts with low za values because they are expected to be more productive.
4. See Kambou, Devarajan, and Over (1992) for a computable general equilibrium model analyzing the implications of an AIDs-related reduction in the labor supply.
S. This makes firms indifferent to whether they hire young or older workers, thereby eliminating the need for firms to worry about which age or experience levels of workers to hire. This specification 
Effective labor
Ei Es supply and demand be a function of the prevailing real wage, w; AIDS prevalence, a; and the capital stock, K:
The negative relation between real wages and labor demand in the formal sector, other things equal, is shown by the Ed curve in figure 1. An increase in AIDS prevalence shifts the effective labor-demand curve inward (from E d to E d) as productivity declines.
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Clearly, real wages may rise or fall over time as a consequence of the AIDS epidemic relative to the no-AIDS counterfactual case. It depends on the relative magnitudes of the shifts in the labor supply and demand schedules. The loss in total output can be diagrammatically represented by the area a + b + c in figure 1.
The Sticky-Wage, Labor-Surplus Economy Case
Now consider an economy that has a sticky wage (above the market-clearing level) and hence some unemployment, but produces the same amount of output assumes that the pay of workers depends on their age, a proxy for experience, but is not reduced if they become sick with AIDS. Note that, by assumption, there is no immediate direct effect of a change in AIDS prevalence on the sticky real wage. AIDS prevalence, however, does affect the long-run equilibrium wage and hence the evolution of wages over time through equation 6.
6. In Cuddington (1993) labor demand is also reduced over time to the extent that AIDs-related increases in medical expenditures reduce saving and hence available capital stock.
in the no-AIDS scenario as the economy in figure 1. In this second economy, shown in figure 2, the sticky wage, aw, limits labor demand to Ed. Unemployment initially equals U = Es -Ed. As AIDS strikes the economy, labor supply and labor demand again shift inward, as they did in the full-employment case. Given the sticky wage, the fall in employment is determined by the amount of the fall in labor demand (being the short side of the market). The resulting output loss is shown by the area d + e + f in figure 2.
Comparing the relative sizes of areas c and f (given that a + b = d + e) in figures 1 and 2, the output loss caused by AIDS can, in principle, be greater or smaller in the labor-surplus economy than it would have been in a fullemployment economy. It depends on the relative magnitude of the employment effects in the two scenarios. 7 In figure 1 , the change in employment equals AES = Es -Es. In figure 2 , it equals AEd = Ed -Ed.
The same comparison can be expressed in terms of the change in unemployment in the labor-surplus case, which equals AU = AEs -AEd. If the reduction in Es (AEs < 0) is greater than the reduction in employment (AEd < 0) in the labor-surplus case, unemployment falls. But in this case the estimated loss in output in the full-employment model overstates that estimated in the actual economy where labor surplus prevails. The converse also holds: if the spread of AIDS leads to an increase in unemployment, it must be true that the simple fullemployment framework underestimates actual output losses. This is the result stated at the beginning of this section.
THE DUAL-ECONOMY MODEL
This section describes how the single-sector model can be extended to a dualeconomy framework. In this context, laborers who are not hired by formal sector firms are not completely unemployed but rather find lower-productivity employment ("underemployment") in the informal sector. This leaves the basic intuition above intact, but provides a somewhat richer model for simulation in sections III and IV.
Production and Labor Allocation
The economy is divided into a formal and an informal sector. 8 ' 9 The production functions are analogous to equation 1, with subscripts F and I denoting the 7. The introductory section of this article conjectured that the macroeconomic consequences of AIDS may be overstated by models that ignore the presence of "labor surplus" in the economy. That scenario implicitly ignores the impact of AIDS on labor demand. If labor demand and hence output were, in fact, unaffected by the AIDS epidemic, then per capita income would rise because of its negative effect on labor supply.
8. This is the most basic of dual economies. The voluminous literature on dual-economy models presents many more complicated variants. See the survey by Ranis (1988) and references therein.
9. Over (1992) has developed a dual-sector model that introduces the possibility of higher AIDS prevalence among highly productive, well-educated members of society. His model does not, however, consider the possibility of underemployment and wage adjustment, which play a central role in the present analysis. Workers who are unable to secure employment in the formal sector turn to informal sector work, such as urban service activities or smallholder agriculture. Rather than adopting the assumption of profit-maximizing behavior to determine wages in the informal sector, the sector's total income (from labor and capital) is assumed to be divided among all informal sector workers with appropriate allowance for age-related productivity differences. Therefore, each (effective) laborer receives her or his average (rather than marginal) revenue product:
where y, is the average revenue product in the informal sector and informal sector employment equals E _ ES -EF. This specification reflects the fact that a large fraction of informal production occurs through family enterprises (in-cluding smaliholder farming, and small business in the informal urban sector) in which family members share household output (see Ranis 1988: 80-82 , on "organizational dualism"). Although the formal sector wage is sticky in the short run, it adjusts gradually toward the market-clearing level w* over time according to the following partial adjustment mechanism:
where wt is the wage at time t and X is the speed of labor market adjustment. The minimum restriction in equation 6 guarantees that, during the adjustment toward full employment where dualism in the labor market ultimately disappears, workers are never forced to work in the formal sector at wages below the "reservation" income available in the informal sector.
Sources and Allocation of Saving
The manner in which the AIDS epidemic affects domestic capital accumulation is captured, as in Cuddington (1993) , by specifying the proportion (or multiple), x, of AIDs-related medical costs that were paid for by reducing national saving rather than current nonmedical consumption. Formal sector saving and available foreign funds [s*(YF + Y,) ] are allocated to investment in the relatively capital-intensive formal sector (equation 7).10 To reflect the segmented nature of capital markets in developing countries in the present two-sector context, it is assumed that informal sector capital formation, given by equation 8, is limited by the amount of saving that can be generated in the informal sector itself.I' (7)
where s is the saving rate, Y is sectoral output, H is AIDs-related health care costs, 6 is the depreciation rate on capital, and subscripts F and I denote formal and informal sector households, respectively. 1 2 Given the huge costs associated with AIDS patient care (in relation to per capita income, say), it seems likely that informal sector households stricken by AIDS will receive some form of assistance from the formal sector through the health care system. If increased medical expenses are not paid entirely from patients' savings, which is extremely likely in a socialized medical system like Tanzania's, then part of the cost will be reflected in reduced saving by the formal sector as 10. We make the neutral assumption that foreign capital inflows stay constant at their historical ratio to domestic GDP (s°) under both the no-AIDs and AIDS scenarios. As these flows have been primarily foreign aid and concessional loans from official institutions, debt-servicing payments have been ignored.
11. The presence of this capital market imperfection, or the dualistic labor market (where informal employment is not based on marginal productivity), implies that the present model will not generate the same results as the simple single-sector model in Cuddington (1993) even when instantaneous wage adjustment is assumed.
12. The simulations also include AlDs-related medical expenditures for children, allocated across the formal and informal sectors in the same proportions as AIDS cases in the adult population.
well as the informal sector. This is captured by the parameter c in equations 7 and 8.
Adjustment Dynamics
Without AIDS, adjustment to long-run equilibrium has three aspects: the evolution in the size and composition of the labor force from Bulatao's (1990) With the introduction of AIDS, rising AIDS prevalence (captured in the time path for a) and the resulting changes in the structure of the labor force (from Bulatao 1990) must also be considered. These considerations drive the simulations below.
III. SIMULATIONS USING THE DUAL-ECONOMY MODEL
This section summarizes simulation results for the AIDS and no-AIDS scenarios for a dual-economy model of the Tanzanian economy with underemployment resulting from slow wage adjustment (X = 0.05 in equation 6). Without an empirical estimate of the wage adjustment parameter, a low value is chosen so that the dualistic structure is an enduring feature of the economy over the forecast horizon (2010) The basic simulation methodology parallels Cuddington (1993) . The demographic input for the AIDS and no-AIDS scenarios is again taken from Bulatao (1990) . Table 1 shows the key parameter assumptions used in the simulation exercises (Cuddington 1992) . The values chosen lead to aggregate parameters roughly equal to those in the earlier one-sector analysis (Cuddington 1993) . For example, the share of labor in total cost in the formal and informal sectors, respectively, is assumed to be 0.6 and 0.8 and the share of capital 0.4 and 0.2. The weighted-average share of labor for the economy is roughly 0.7 (as before).
The initial (1985) capital-output ratio is 5 in the formal sector and 1.5 in the formal sector, which implies an economywide capital-output ratio of 3 (as before). Eighty percent of the medical care costs incurred by workers in the informal sector are assumed to be paid for by reductions in formal sector saving (c = 0.8); unfortunately, there is at present no empirical information on this point.
As in the earlier single-sector framework, the macroeconomic effects of AIDS depend importantly on the assumed values for the saving and productivity loss parameters (x and z). Table 1 , which corresponds to table 1 in Cuddington (1993) , summarizes the effects on future GDP and GDP per capita under different x and z assumptions for the AIDS scenarios. Table 2 shows the baseline no-AIDS case with which these scenarios should be compared.
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Comparison of the two tables shows that the negative impact of AIDS on GDP in constant 1980 Tanzania shillings in 2010 ranges from 11 percent (T Sh94.4 billion compared with T ShlO6.4 billion in the no-AIDS scenario in table 2) to 28 percent (T Sh76.7 billion compared with T ShlO6.4 billion),' 3 depending on the parameter assumptions. The impact of AIDS on per capita income ranges from a rise of 3.6 percent (from T Sh2.23 thousand in the no-AIDS scenario to T Sh2.31 thousand) when x and z are both 0, to a decline of 16.1 percent (from T Sh2.23 thousand with no AIDS to T Shl.87 thousand) in the extreme case when x and z are both 2.
Examination of the time paths for individual variables suggests an explanation for the large GDP loss caused by the epidemic. 1 4 The share of employment and output that comes from the high-productivity formal sector is lower in the various AIDS scenarios than in the no-AIDS case. Given the high sticky wage, the number of formal sector jobs falls as AIDS cuts into labor productivity and the rate of capital formation. Both factors tend to shift the labor-demand schedule of the formal sector to the left over time in relation to the no-AIDS case (but not necessarily in absolute terms), forcing more workers back into lower-income employment in the informal sector. This mechanism is highlighted in section I, except that AIDS leads to greater underemployment in the dual-economy model rather than to unemployment as it did in the single-sector framework.
IV. THE AIDS EPIDEMIC WITH MORE RAPID LABOR MARKET ADJUSTMENT
Using the framework above, this section considers the effects of gradually increasing the speed of labor market adjustment from 0.05 to 0.55 (by increments of 0.10 every five-year period until 2010). This exercise serves two purposes. First, it provides a sensitivity analysis on the wage adjustment parameter used in section 111, a key parameter for which there is no empirical estimate. Second, the results may be interpreted as showing, in an admittedly crude way, the possible benefits of implementing labor market adjustment policies that would moderate the negative economic effects of AIDS. Tables 3 and 4 show various AIDS scenarios and the no-AIDS case, respectively, with the gradual acceleration in wage adjustment. Not surprisingly, comparing the no-AIDS scenarios in tables 2 and 4 shows that there is more rapid growth in total and per capita GDP when the speed of labor market adjustment is increased: GDP rises from T Sh39 billion in 1985 to T Shll7 billion in 2010 in table 4 (compared with T ShlO6 billion in table 2). Table 3 shows the economic consequences of the AIDS epidemic with accelerated wage adjustment for a range of values for x and z. The case when x and z are both 0.5 is reflected in the second column and second block of rows (shaded) in table 3. Comparing this scenario with the corresponding block in table 1 13. A billion is 1,000 million. 14. See Cuddington (1992;  produces a crude estimate of the benefits of improved labor market efficiency. By 2010, GDP is roughly T Sh98.6 billion in table 3, compared with T Sh89.9 billion in the slow-wage-adjustment case in table 1. As a result per capita income is also considerably higher (T Sh2.41 thousand compared with T Sh2.20 thousand by 2010).
The general conclusion suggested by comparing the low-wage-adjustment cases (tables 1 and 2) and the accelerating-wage-adjustment cases (tables 3 and 4) is that, in a highly distorted economy, the benefits of policies that improve the efficiency of resource allocation may well be of the same order of magnitude as the economic costs of the AIDS epidemic. Furthermore, the percentage difference between the no-AIDS and AIDS scenarios appears to be roughly the same whether one assumes slow or accelerating wage adjustment. 416 THE WORLI) BANK ECONOMIC REVIEW, VOL. 7, NO. 3 One interpretation of the above findings is that more flexible labor markets are beneficial with or without AIDS. However, AIDs-ridden economies are less able to afford the income losses that resource misallocation invariably entails. Therefore, labor market adjustment policies can play a potentially important role in offsetting the economic losses due to AIDS. These findings provide some justification for the emphasis in World Bank (1992) on the need to maintain and strengthen Tanzania's economic reform program to reduce the macroeconomic effects of the AIDS epidemic. The report, however, emphasized the fiscal burden of AIDs-related medical expenditures. Without rapid growth, this burden could not be covered by expected tax revenues.
V. CONCLUSION
The estimated economic impact of AIDS using the dual-economy model for Tanzania developed here suggests that the aggregate size of the economy will be 15 to 25 percent smaller by 2010 than it would have been without AIDS. The negative impact on per capita GDP by that time is expected to be 0 to 10 percent. Although these estimated macroeconomic consequences for Tanzania turn out to be roughly of the same order of magnitude as those obtained from a singlesector, full-employment model in Cuddington (1993) , they could, in principle, be larger or smaller for reasons outlined in section I.
The dual-economy simulations also suggest that more rapid labor market adjustment could yield considerable real income gains. Interestingly, the output loss from AIDS in the present dual-economy framework is roughly similar in size to the output gain from policies designed to increase the speed of labor market adjustment. The exercise is crude, but nonetheless encouraging: labor market adjustment policies in economies devastated by AIDS may play a potentially important role in at least ameliorating some of the negative economic effects of the epidemic, although they would certainly not offset the devastating personal and social costs. Further research analyzing possible policy actions for coping with the disease-whether at the health-sector or macroeconomic level-is urgently needed.
